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Anthraquinone Quencher Dyes, Their Methods of Preparation and Use 



[0001] The present application claims priority from U.S. Ser. No. 60/412,21 5, a provisional 
patent application filed September 20, 2002. 



[0002] This invention pertains to anthraquinone compositions that are useful as broad- 
spectrum quenchers of fluorescence and to methods for making and using them. The invention 
also provides kits that contain at least one of the disclosed anthraquinone quencher dye 
compositions. 




FIELD OF THE INVENTION 
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BACKGROUND OF THE INVENTION 
[0003] Chemical moieties that quench fluorescent light operate through a variety of 
mechanisms, including fluorescent energy transfer (FRET) processes and ground state 
quenching. FRET is one of the most common mechanisms of fluorescent quenching and can 
occur when the emission spectrum of the fluorescent donor overlaps the absorbance spectrum of 
the quencher and when the donor and quencher are within a sufficient distance known as the 
Forster distance. The energy absorbed by a quencher can subsequently be released through a 
variety of mechanisms depending upon the chemical nature of the quencher. Captured energy 
can be released through fluorescence or through nonfluorescent mechanisms, including charge 
transfer and collisional mechanisms, or a combination of such mechanisms. When a quencher 
releases captured energy through nonfluorescent mechanisms FRET is simply observed as a 
reduction in the fluorescent emission of the fluorescent donor. 

[0004] Although FRET is the most common mechanism for quenching, any combination of 
molecular orientation and spectral coincidence that results in quenching is a useful mechanism 
for quenching by the compounds of the present invention. For example, ground-state quenching 
can occur in the absence of spectral overlap if the fluorophore and quencher are sufficiently close 
together to form a ground state complex. 

[0005] Quenching processes that rely on the interaction of two dyes as their spatial 
relationship changes can be used conveniently to detect and/or identify nucleotide sequences and 
other biological phenomena. For example, the change in fluorescence of the fluorescent donor or 
quencher can be monitored as two oligonucleotides (one containing a donor and one containing a 
quencher) bind to each other through hybridization. Advantageously, the binding can be 
detected without separating the unhybridized from the hybridized oligonucleotides. 
[0006] Alternatively, a donor and quencher can be linked to a single oligonucleotide such 
that there is a detectable difference in fluorescence when the oligonucleotide is unhybridized as 
compared to when it is hybridized to its complementary sequence. For example, a self- 
complementary oligonucleotide designed to form a hairpin can be labeled with a fluorescent 
donor at one end and a quencher at the other end. Intramolecular annealing can bring the donor 
and quencher into sufficient proximity for FRET and fluorescence quenching occurs. 
Intermolecular annealing of such an oligonucleotide to a target sequence disrupts the hairpin, 
thereby increasing the distance between the donor and quencher, and resulting in an increase in 
the fluorescent signal of the donor. 

[0007] Oligonucleotides labeled in a similar manner can also be used to monitor the kinetics 
of PCR amplification. In one version of this method the oligonucleotides are designed to 
hybridize to the 3' side ("downstream") of an amplification primer so that the 5'-3* exonuclease 
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activity of a polymerase digests the 5' end of the probe and cleaves off a dye (either the donor 
fluorophore or quencher) from that end. The fluorescence intensity of the sample increases and 
can be monitored as the probe is digested during the course of amplification. 
[0008] Similar oligonucleotide compositions find use in other molecular/cellular biology and 
diagnostic assays, such as in end-point PCR, in situ hybridizations, in vivo DNA and RNA 
species detection, single nucleotide polymorphism (SNPs) analysis, enzyme assays, and in vivo 
and in vitro whole cell assays. 

[0009] As noted previously, the energy transfer process requires overlap between the 
emission spectrum of the fluorescent donor and the absorbance spectrum of the quencher. This 
complicates the design of probes because not all potential quencher/donor pairs can be used. For 
example, the quencher BHQ-1, which maximally absorbs light in the wavelength range of about 
500-550 nm, can quench the fluorescent light emitted from the fluorophore fluorescein, which 
has a wavelength of about 520 nm. In contrast, the quencher BHQ-3, which maximally absorbs 
light in the wavelength range of about 650-700 nm would be less effective at quenching the 
fluorescence of fluorescein but would be quite effective at quenching the fluorescence of the 
fluorophore Cy5 which fluoresces at about 670 nm. The use of varied quenchers complicates 
assay development because the purification of a given probe can vary greatly depending on the 
nature of the quencher attached. 

[0010] Many quenchers emit energy through fluorescence reducing the signal to noise ratio 
of the probes that contain them and the sensitivity of assays that utilize them. Such quenchers 
interfere with the use of fluorophores that fluoresce at similar wavelength ranges. This limits the 
number of fluorophores that can be used with such quenchers thereby limiting their usefulness 
for multiplexed assays which rely on the use of distinct fluorophores in distinct probes that all 
contain a single quencher. 

[0011] Thus, new compositions are needed that quench fluorescence over a broad spectrum 
of wavelengths such that a single quencher can be used with a broad range of fluorophores. 
Ideally, such quenchers will not fluoresce so that the background fluorescence of probes is 
minimized giving such probes the potential to be more sensitive and more useful in multiplexed 
assays. The ideal quenchers should also have physical properties that facilitate their purification 
and the purification of probes into which they are incorporated. Such quenchers should also be 
chemically stable so that they can be incorporated into biological probes and used in assays 
without significant degradation. Ideally, such probes will be suitable for direct use in the 
synthesis of DNA oligomers so that oligonucleotides can be synthesized to contain them, as 
opposed to chemically adding the quencher to an oligonucleotide postsynthetically. 
Nevertheless, the quenchers should contain suitable reactive moieties to provide for their 
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convenient incorporation into biologically relevant compounds such as lipids, nucleic acids, 
polypeptides, and more specifically antigens, steroids, vitamins, drugs, haptens, metabolites, 
toxins, environmental pollutants, amino acids, peptides, proteins, nucleotides, oligonucleotides, 
polynucleotides, carbohydrates, and the like. Lastly, the most useful compositions should be 
easily manufactured. 

[0012] The invention provides nonfluorescing compositions with strong fluorescence 
quenching properties that function over a surprisingly wide wavelength range. Consequently, the 
disclosed compositions exhibit lower fluorescent backgrounds than quenchers that quench light 
at certain wavelengths and emit fluorescence at nearby wavelengths. Moreover, the 
anthraquinone quenchers of the present invention can be easily manufactured and purified. The 
compositions can be incorporated into biologically relevant compounds and, in many cases, 
impart useful purification properties to these compounds. These and other advantages of the 
invention, as well as additional inventive features, will be apparent from the description of the 
invention provided herein. 
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BRIEF SUMMARY OF THE INVENTION 
[0013] The invention provides novel anthraquinone compositions that are useful as broad- 
spectrum quenchers of fluorescence and methods for making and using them. The anthraquinone 
quenchers can be conjugated to a variety of biologically relevant compounds, including lipids, 
nucleic acids, polypeptides, and more specifically antigens, steroids, vitamins, drugs, haptens, 
metabolites, toxins, environmental pollutants, amino acids, peptides, proteins, nucleotides, 
oligonucleotides, polynucleotides, carbohydrates, and their analogs. The invention also provides 
kits comprising, in one or more containers, at least one anthraquinone quencher dye composition 
of the present invention, and instructions for using that composition. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0014] Figure 1 shows the absorbance spectra of identical 12 nucleotide long 
oligonucleotides that contain quenchers conjugated to the 3' end. Oligonucleotides containing 
the anthraquinone quencher UQ2 (SEQ ID No: 1), and the quenchers QSY7 (SEQ ID No: 2), and 
Dabcyl (SEQ ID No: 3) were synthesized as described in Example 16. 
[0015] Figure 2 shows fluorescence curves plotted as a function of PCR cycle wherein 
oligonucleotide probes contained a conjugated 6-carboxyfluorescein (6FAM) reporter dye and 
various quenchers. Fluorescence-quenched probes with l-(phenylamino)-4(2-hydroxy- 
ethylamino)-anthraquinone (UQ2) (SEQ ID No: 4), 6-carboxytetramethylrhodamine (6Tamra) 
(SEQ ID No: 5), and N,N'-dimethyl-N,N'-diphenyl-4-((5-t-butoxycarbonylaminopentyl) 
aminocarbonyl) piperidinylsulfonerhodamine (QSY7) (SEQ ID No: 6) were compared in 
reactions containing about 10 3 target DNA molecules. The log of relative fluorescence units (Y- 
axis) are plotted against PCR cycle number (X-axis). The curves are indistinguishable and are 
not individually labeled. 

[0016] Figure 3 shows fluorescence curves which were generated using 1H,5H,1 1H ? 15H- 
Xantheno[2,3 ? 4-ij:5 J 6,7-i'j , ]diquinolizin- 18-ium, 9-[2(or 4)-[[[6-[2,5-dioxo-l-pyrrolidinyl)oxy]- 
6- oxohexyl]amino]sulfonyl]-4(or 2)-sulfophenyl]-2,3,6,7,12,13 ? 16,17-octahydro- inner salt 
(Texas Red (TR)) reporter dye and UQ2 anthraquinone quencher. The probe (SEQ ID No: 7) 
was used with varying amounts of input target DNA molecules as indicated. Relative 
fluorescence units (Y-axis) are plotted against PCR cycle number (X-axis). 
[0017] Figure 4 shows fluorescence curves generated using indodicarbocyanine 5 (Cy5) 
reporter dye and UQ2 quencher as in Figure 3. The probe (SEQ ID No: 8) was used with 
varying input target DNA molecules as indicated. Relative fluorescence units (Y -axis) are 
plotted against PCR cycle number (X-axis). 
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DETAILED DESCRIPTION OF THE INVENTION 
[0018] The present invention stems, in part, from the discovery that the anthraquinone class 
of molecules, including 1,4-diamino anthraquinone compounds, have surprisingly strong 
quenching properties. These quenchers also overlap and efficiently quench fluorescence of a 
surprisingly wide wavelength range of emitted fluorescent light. Advantageously, they do not 
fluoresce. Consequently, they generally exhibit lower fluorescent backgrounds than quenchers 
that quench light at certain wavelengths and emit fluorescence over a wavelength range that 
bleeds into the fluorescent wavelength range of the reporter dye. 

[0019] The anthraquinone quenchers of the present invention are easily purified. In certain 
instances a single purification using reverse phase HPLC chromatography provides highly pure 
compound. For example, the present quenchers can be incorporated into oligonucleotide probes 
and used in a variety of applications, including for example PCR applications and RNase 
detection and various nucleic acid binding assays. 




[0020] The compositions of the present invention include anthraquinone compounds of 
formula (1) wherein the groups R7, Rg, R9, and Rio can be hydrogen or an electron withdrawing 
group; the groups Ri, Ru, and R15 can be hydrogen or electron donating groups; R6 can be any 
group other than acetyl that can covalently bind to the nitrogen; X can include a solid support, a 
biologically relevant molecule, or a linker that can be used to attach the composition to another 
molecule. In addition, adjacent R groups of R7-15 can be part of an aromatic ring or aromatic ring 
system. 




(1a) 8 



[0021] Many electron withdrawing groups are known in the art and can be used. Exemplary 
electron withdrawing groups include nitro, cyano, carboxylate, sulfonyl, sulfamoyl, alkenyl, 
alkynyl, aryl, heteroaryl, biaryl, bialkenyl, bialkynyl, alkoxycarbonyl, carbamoyl mono- or di- 
substituted amino groups, or similar groups that do not substantially diminish quenching. In one 
embodiment Ri is nitrogen and R14 is a heterocyclic group as shown in formula (la) below. 
[0022] Many electron donating groups are known in the art and can be used. Exemplary 
electron donating groups include alkoxy, alkyl, alkylamine, arylamine, cycloalkyl, heteroalkoxy, 
heteroalkyl, or similar groups that do not substantially diminish quenching. 
[0023] In formula (1), X can be a biologically relevant molecule and R\ can be 
-NR16R17 wherein Ri6 and Rn can independently be hydrogen, alkyl, alkynyl, alkenyl, aryl, 
heteroaryl, cycloalkyl, heteroalkyl, alkoxy, alkoxycarbonyl, carbonyl, carbamoyl, alkylaryl, 
heteroalkyl group, or the like. In another embodiment, X includes a biologically relevant 
molecule and R\ can be -NR^Rn wherein one of Ri6 and Rn can be hydrogen and the other can 
be a phenyl or other group. 

[0024] In one preferred embodiment R\ can be aniline which is bound to the anthraquinone 
through nitrogen. In another embodiment, R\ is as defined above and R6, R7, Rs, R9, or Rio are 
each hydrogen. In another embodiment, of the composition of formula (1), X includes a 
biologically relevant molecule and Ri is -NR l6 Ri7 wherein Ri6 and R J7 can independently be 
hydrogen, alkyl, alkynyl, alkenyl, aryl, heteroaryl, cycloalkyl, heteroalkyl, alkoxy, 
alkoxycarbonyl, carbonyl, carbamoyl, alkylaryl, heteroalkyl group, or the like and R6, R7 ? Rs, R% 
and Rio are each hydrogen. In another embodiment X includes a biologically relevant molecule 
and Ri is a mono- or di-substituted amine, wherein the substituent is independently, alkyl or aryl, 
preferably methyl or phenyl; and R6, R 7 , Rs, R9, and Rio are each hydrogen. 

R 2 
R 4 R 3 
(2) 

[0025] In certain embodiments X can have the structure of formula (2) wherein the 
phosphorous in formula 2 can have +3 or +5 oxidation state. In formula (2) Z can be a linking 
group or a bond and R2, R3, and R4 can be an electron pair, linking group, oxygen, hydrogen, 
sulfur, alkyl, alkynyl, alkenyl, aryl, heteroaryl, cycloalkyl, heteroalkyl, alkoxy, carbonyl, 
carbamoyl, alkylaryl, heteroalkoxy, or -NRi 1R12 or -OR13, provided that not more than one of 
R2^ can be an electron pair and that each of Rn, R12, and R13 can be either a hydrogen, alkyl, 
alkynyl, alkenyl, aryl, heteroaryl, cycloalkyl, heteroalkyl, alkoxy, alkoxycarbonyl, carbonyl, 
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carbamoyl, alkylaryl, heteroalkyl group or the like. In one embodiment at least one of R2-4 can 
be a linker that joins the phosphorous to a nucleotide, nucleotide precursor, or nucleotide analog, 
including a phosphoramidite form of a nucleotide. One preferred embodiment of formula 2 is 
shown in formula (3). 




[0026] In certain embodiments of formulas (1) and (la), X can be the compound of formula 
(2) and each of R2, R6, R7, Rs, R$>> and Rio, can be hydrogen. In another embodiment of formula 
(1) Ri can be -NR^Rn where Ri6 can be hydrogen and Rp can be a phenyl or other group; and X 
can be a compound of formula (3). 

[0027] In certain embodiments of formulas (1) and (la), X can be of formula (2) and R4 can 
be a compound of formula (4), PGi can be a protecting group as is known in the art or can be a 
solid support as is known, and PG2 can be any suitable protecting group or can be substituted with a 
biologically relevant molecule such as a nucleic acid, protein, their precursors or analogs. 
[0028] In certain embodiments of formulas (1 ) and (1 a), X can be the group of formula (3) and 
Ri is a mono- or di-substituted amine, wherein the substituent is independently hydrogen, alkyl 
or aryl, preferably methyl or phenyl; and R 6 , R7, Rs, R% and Rio are each hydrogen. Preferably 
Ri is a mono- or di-substituted amine wherein one preferred substitution is a phenyl group. 




(4) 



[0029] In certain embodiments of formulas (1) and (la), X can be a group as in formula (2) 
wherein R4 includes a nucleic acid or nucleoside or analog thereof that can be attached to the 
phosphate through a linker. 

[0030] In certain embodiments of formulas (1) and (la), X can be a group as in formula (2) 
wherein R4 includes a nucleic acid or nucleoside or analog thereof that can be attached to the 
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phosphate through a linker and R\ can be a mono or di-substituted amine where the amine 
substituents can be hydrogen, alkyl, or aryl groups, independently. In one preferred embodiment R4 
can be a group as in formula (2) wherein R4 can be formula (4) and PG2 can be a nucleic acid or 
nucleoside or an analog thereof. 

[0031] The term "linking group" and "linker" are used interchangeably and refer to a 
chemical group that is capable of reacting with a "complementary functionality" of a reagent, 
e.g., to the oxygen of a nucleoside or nucleotide or nucleic acid, and forming a linkage that 
connects the anthraquinone quenching compound to the reagent. The linking group can be used 
to link, preferably by way of covalent attachment, an anthraquinone compound to a reagent. 
When the complementary functionality is amine, preferred linking groups include such groups as 
isothiocyanate, sulfonylchloride, 4,6-dichlorotriazinyl, carboxylate, succinimidyl ester, other 
active carboxylate, e.g., -C(0)halogen, -C(0)OC|_ 4 alkyl, or -C(0)OC(0)Ci_ 4 alkyl, amine, lower 
alkycarboxy or 

-(CH2)mN + (CH3)2(CH 2 ) m COOH, wherein m is an integer ranging from 2 to 12. Typically, when 
the complementary functionality is amine, the linking group is an N-hydroxysuccinimidyl (NHS) 
ester. When the complementary functionality is oxygen, the linking group can be of formula (4) 
wherein PGi is an oxygen-protecting group or a solid support and PG2 can be the nucleotide. 
When the complementary functionality is sulfhydryl, the linking group is preferably maleimide, 
halo acetyl, or iodoacetamide. See R. 35 Haugland (1992) Molecular Probes Handbook of 
Fluorescent Probes and Research Chemicals, Molecular Probes, Inc., disclosing numerous dyes 
and modes for conjugating them to a variety of compounds which sections are incorporated 
herein by reference. 

[0032] The disclosed anthraquinone quenching compositions can be linked to a variety of 
molecules and substances without altering their quenching or spectral properties, or in many 
instances, the biological activity of the reagent. The anthraquinone quenching moiety known as 
l-(methylamino)-4-(2-hydroxy-ethylamino)-anthraquinone is abbreviated as UQ1. The 
anthraquinone quenching moiety known as l-(phenylamino)-4-(2-hydroxy-ethylamino)- 
anthraquinone is abbreviated as UQ2. 

[0033] The term "protecting group" is symbolized by PG and means a group that is 
reversibly attached to a moiety that renders that moiety stable in subsequent reaction(s) and that 
can be selectively cleaved to regenerate that moiety once its protecting purpose has been served. 
For example, numerous hydroxy-protecting groups are known in the art and can be used. Many 
such groups are described in Greene, T.W., Protective Groups in Organic Synthesis, 3rd edition 
17 - 237 (1999), which is incorporated herein by reference. Preferably, the hydroxy-protecting 
group is stable in a basic reaction medium and can be cleaved by acid. Examples of suitable 
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base-stable, acid-labile hydroxy-protecting groups suitable for use with the invention include, 
ethers, such as methyl, methoxy methyl, methylthiomethyl, methoxyethoxymethyl, bis(2- 
chloroethoxy)methyl, tetrahydropyranyl, tetrahydrothiopyranyl, tetrahyrofuranyl, 
tetrahydrothiofuranyl, 1-ethoxyethyl, 1-methyl-l-methoxyethyl, t-butyl, allyl, benzyl, o- 
nitrobenzyl, triphenylmethyl, a-naphthyldiphenylmethyl, p-methoxyphenyldiphenylmethyl, 9-(9- 
phenyl-10-oxo)anthranyl, trimethylsilyl, isopropyldimethylsilyl, t-butyldimethylsilyl, t- 
butyldiphenylsilyl, tribenzylsilyl, and triisopropylsilyl; and esters, such as pivaloate, 
adamantoate, and 2,4,6-trimethylbenzoate. The preferred protecting group for hydroxyl groups, 
especially the C-5 carbon of a ribose or deoxyribose is the dimethoxytrityl group the use of 
which is well known in the art. 

[0034] The present invention also includes methods for making the disclosed compositions. 
For instance, a compound of formula (1) wherein X is a group as in formula (2) can be prepared 
by contacting a compound of formula (5) with a compound of formula (6) under conditions 
suitable for the displacement of the halide ion (HAL). The groups R2-5 are as described above, 
for example, R2 can be an electron pair and R3 and R4 can be diisopropylamino groups. In one 
method the compound of formula (5) is added to the compound of formula (6) at 0 °C and the 
reaction mixture is warmed to room temperature with stirring to form the compound of formula 
(7). 




[0035] Where Rio is not identical to R 7 , R9 is not identical to R 8 , and/or R !4 is not identical to 
R15 the synthesis will result in isomers which will have nearly identical fluorescent quenching 
properties. 

[0036] A linker can then be added to the resulting compound by reacting the product with a 
compound such as (OH)-L-O-PG under conditions suitable for the addition of -O-L-O-PG at R4. 
The protecting group (PG) can then be removed such as by reaction with an acid and the linker, 
L, reacted with a biologically relevant compound, such as a nucleic acid, so that it becomes 
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covalently attached to the anthraquinone through linker, L, as defined above. 
[0037] Biologically relevant compounds include classes of compounds such as peptides, 
polypeptides, proteins (e.g., antibodies), nucleic acids (including, e.g., oligonucleotides, 
nucleosides, whether deoxy or ribonucleotides and their analogs), polysaccharides, and lipids. 
[0038] The compounds of the invention are identified herein by their chemical structure and/or 
chemical name. Where a compound is referred to by both a chemical structure and a chemical 
name, and the chemical structure and chemical name conflict, the chemical structure is 
determinative of the compound's identity. 




(7) 

[0039] Another class of reagent encompassed by the invention includes phosphoramidite 
compounds that incorporate the anthraquinones of formula (1). These compounds are 
particularly useful for the automated chemical synthesis of nucleic acid polymers with covalently 
bound anthraquinone compounds of formula (1). Such phosphoramidite reagents, when reacted 
with nucleophiles such as hydroxyl groups, especially the 5 f -hydroxyl group of a nucleoside or 
nucleotide or nucleic acid, form a phosphite ester linkage that can be oxidized to a phosphate 
ester linkage by known methods. The phosphoramidite reagents can be nucleosidic or non- 
nucleosidic. 

[0040] The invention also provides nucleic acid compositions that contain the disclosed 
anthraquinone compositions. For example, oligonucleotides containing the disclosed 
anthraquinone quenchers are contemplated as well as nucleotide precursors for use in the 
synthesis of such oligonucleotides. Oligonucleotide embodiments can contain regions with 
internal complementarity. In addition, one or more of the nucleotides can be ribonucleotide(s) or 
can be analogs of nucleotides. 

[0041] Methods for preparing anthraquinone-containing oligonucleotides generally involve 
the use of anthraquinone phosphoramidite precursors or anthraquinone derivatized solid supports 
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that can be used conveniently in conjunction with automated oligonucleotide synthesizers. Such 
precursors are also contemplated by the present invention. Alternatively, certain 
oligonucleotides can be prepared such that they have reactive groups that can later be used to 
join with suitable anthraquinone compositions. 

[0042] The invention also provides nucleic acid compositions containing, in addition to the a 
disclosed anthraquinone quencher, a fluorescent dye which emits fluorescence upon exposure to 
light of the appropriate wavelength. Where the quencher quenches the fluorescence of the 
fluorophore on the oligonucleotide, suitable dye pairs include at least one of the disclosed 
anthraquinone quenching compositions and at least one corresponding fluorescent reporter dye that 
fluoresces within the absorbance spectrum of the quencher such that the fluorescence can be 
quenched. 

[0043] In certain embodiments, the dye pair comprises at least one of the disclosed 
anthraquinone quenching molecules and at least one corresponding fluorescent reporter dye 
attached to a single compound, such as an oligonucleotide, so that the anthraquinone quencher is 
within sufficient proximity of the fluorophore to quench its fluorescence. In other embodiments, the 
fluorescent reporter dye and the anthraquinone quencher can be on different molecules. 
[0044] Oligonucleotides containing an anthraquinone or dye pair of the invention can be 
purified by any suitable method. For example, they can be purified by reverse-phase HPLC. 
Specifically, a sample containing the anthraquinone modified oligonucleotide can be loaded on a 
reverse-phase column, such as a Hamilton PRP-1 column (1 cm x 25 cm), and eluted with a 
linear 5% to 50% acetonitrile gradient over 40 min. The portion of the eluant corresponding to 
the desired dye-labeled oligonucleotide species can be collected and lyophilized. Because the 
disclosed anthraquinone quenchers are relatively hydrophobic, this method can be used 
advantageously in the purification of modified oligonucleotides which will have increased 
hydrophobicity. The lyophilized oligonucleotide can then be dissolved in water and precipitated, 
for example with 2% lithium perchlorate in acetone, followed by centrifugation, e.g., at 10,000 g 
for 10 min. The precipitate can be washed with 10% aqueous acetone. 
[0045] Oligonucleotides can also be purified by ion-exchange HPLC. For example, the 
oligonucleotides can be loaded on a 5 x 10 Source™ column (Amersham Pharmacia Biotech, 
Piscataway, NJ) and eluted using a linear 0 to 50% gradient of 1 M LiCl in a 0.1 M TRIS buffer 
having a pH of about 8.0. The portion of the eluant corresponding to the oligonucleotide species 
can be collected and precipitated with 2% lithium perchlorate in acetone and lyophilized. 
[0046] A wide variety of reactive fluorescent reporter dyes are known in the literature and 
can be used so long as they are quenched by the corresponding quencher dye of the invention. 
Typically, the fluorophore is an aromatic or heteroaromatic compound and can be a pyrene, 
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anthracene, naphthalene, acridine, stilbene, indole, benzindole, oxazole, thiazole, benzothiazole, 
cyanine, carbocyanine, salicylate, anthranilate, coumarin, fluoroscein, rhodamine or other like 
compound. Suitable fluorescent reporters include xanthene dyes, such as fluorescein or 
rhodamine dyes, including 5-carboxyfluorescein (FAM), 27 , -dimethoxy-4 , 5'-dichloro-6- 
carboxyfluorescein (JOE), tetrachlorofluorescein (TET), 6-carboxyrhodamine (R6G), N,N,N;N'- 
tetramethyl-6-carboxyrhodamine (TAMRA), 6-carboxy-X-rhodamine (ROX). Suitable 
fluorescent reporters also include the naphthylamine dyes that have an amino group in the alpha 
or beta position. For example, naphthylamino compounds include l-dimethylaminonaphthyl-5- 
sulfonate, l-anilino-8-naphthalene sulfonate and 2-p-toluidinyl-6-naphthalene sulfonate, 5 -(2- 
aminoethyl)aminonaphthalene-l -sulfonic acid (EDANS). Other fluorescent reporter dyes 
include coumarins, such as 3-phenyl-7-isocyanatocoumarin; acridines, such as 9- 
isothiocyanatoacridine and acridine orange; N-(p-(2-benzoxazolyl)phenyl)maleimide; cyanines, 
such as indodicarbocyanine 3 (Cy3), indodicarbocyanine 5 (Cy5), indodicarbocyanine 5.5 
(Cy5.5), 3-( -carboxy-pentyO-S'-ethyl-S^'-dimethyloxacarbocyanine (CyA); 1H,5H,11H,15H- 
Xantheno[2,3,4-ij:5,6,7-i , j , ]diquinolizin- 18-ium, 9-[2(or 4)-[[[6-[2,5-dioxo-l-pyrrolidinyl)oxy]- 
6-oxohexyl]amino]sulfonyl]-4(or 2)-sulfophenyl]-2,3,6,7,12,13,16,17-octahydro-inner salt (TR 
or Texas Red); BODIPY™ dyes; benzoxadiazoles; stilbenes; pyrenes; and the like. The 
fluorescent emission of certain reporter dyes are provided below. 



Fluorophore Emission Max 

Fluorescein 520 nm 

Tetrachlorofluorescein (TET) 536 nm 

Hexachlorofluorescein (HEX) 556 nm 

Cy3 570 nm 

Tetramethylrhodamine (Tamra) 580 nm 

Cy3.5 596 nm 

Carboxy-x-rhodamine (Rox) 605 nm 

Texas Red 610 run 

Cy5 667 nm 

Cy5.5 694 nm 



[0047] Many suitable forms of these fluorescent compounds are available and can be used 
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depending on the circumstances. With xanthene compounds, substituents can be attached to 
xanthene rings for bonding with various reagents, such as for bonding to oligonucleotides. For 
fluorescein and rhodamine dyes, appropriate linking methodologies for attachment to 
oligonucleotides have also been described. See for example, Khanna et al. U.S. Patent 
4,439,356; Marshall (1975) Histochemical J., 7:299-303; Menchen et al., U.S. Patent 5,188,934; 
Menchen et al., European Patent Application No. 87310256.0; and Bergot et al, International 
Application PCT/U590/05565). 

[0048] Preferably, when the dye pair is in a configuration in which the reporter dye is 
effectively quenched by the anthraquinone quencher dye, its fluorescence is reduced by at least a 
factor of 50%, more preferably by at least 70%, more preferably by at least 80%, 90%, 95%, or 
98%, when compared to its fluorescence in the absence of quenching. 

[0049] Probes having a high signal to noise ratio are desirable for the development of highly 
sensitive assays. To measure signal to noise ratios relative fluorescence is measured in a 
configuration where the quencher and fluorophore are within the Forster distance and the 
fluorophore is maximally quenched (background fluorescence or "noise") and compared with the 
fluorescence measured when fluorophore and quencher are separated in the absence of 
quenching ("signal"). The signal to noise ratio of a dye pair of the invention will generally be at 
least about 2:1 but generally is higher. Signal to noise ratios of about 5:1, 10:1, 20:1, 40:1 and 
50:1 are preferred. Ratios of 60:1, 70:1 and even up to 100:1 and higher can also be obtained in 
some cases. Intermediate signal to noise ratios are also contemplated. 

[0050] The disclosed anthraquinone quenching compounds effectively quench fluorescence 
over a surprisingly wide range of wavelengths. For some anthraquinone compositions the 
absorbance spectrum is in the range of from about 400 to 800 nm, more typically quenching 
compositions have an absorbance spectrum in the range of about 500 to 700 nm. As indicated 
previously, the absorbance range of a suitable anthraquinone quencher must overlap the 
fluorescence emission of the fluorophore of suitable dye pairs. Methods for measuring the 
effective absorbance range of a quenching composition are known and any suitable method can 
be used. 

[0051] Suitable dye-pairs can be used in many configurations. For example, the dye 
combination can be placed on nucleic acid oligomers and polymers. For example, a dye-pair can 
be disposed on an oligomer having a hairpin structure such that the fluorophore and quencher are 
within the Forster distance and FRET occurs. Alternatively, dye pairs can be disposed on an 
oligomer that can adopt a random coil conformation, such that fluorescence is quenched until the 
oligonucleotide adopts an extended conformation, as when it becomes part of a duplex nucleic 
acid polymer. In general, the individual dye moieties can be placed at any position of the nucleic 
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acid depending upon the requirements of use. 

[0052] Nucleic acid oligomers and polymers that include the dye pairs of the invention can 
be used to detect target nucleic acids. In one method, the individual components of a dye-pair 
can be on opposing, annealable, self-complementary segments of an oligonucleotide such that 
when the oligonucleotide anneals to itself in the absence of exogenous sequences FRET occurs. 
The oligonucleotide is constructed in such a way that the internal annealing is disrupted and 
fluorescence can be observed when it hybridizes to nucleic acid polymers having sufficient 
complementarity. Such an oligonucleotide can be used to rapidly detect nucleic acid polymers 
having sequences that bind to the oligonucleotide. In another embodiment, such a composition 
comprises two biomolecules, such as oligonucleotides, one of which is attached to a reporter dye 
and the other of which is attached as an anthraquinone quencher dye. 

[0053] Oligonucleotide probes lacking self-complementarity can also be utilized in a similar 
manner. For example, an anthraquinone quencher and fluorophore can be placed on an 
oligonucleotide that lacks the self-annealing property such that the random-coil conformation of 
the oligonucleotide keeps the fluorophore and quencher within a suitable distance for 
fluorescence quenching. Such oligonucleotides can be designed so that when they anneal to 
desired target nucleic acid polymers the fluorophore and quencher are more separated and the 
spectral characteristics of the fluorophore become more apparent. 

[0054] Other DNA binding formats are also possible. For example, two oligonucleotides can 
be designed such that they can anneal adjacent to each other on a contiguous length of a nucleic 
acid polymer. The two probes can be designed such that when they are annealed to such a 
nucleic acid polymer an anthraquinone quencher on one of the oligonucleotides is within a 
sufficient proximity to a fluorophore on the other oligonucleotide for FRET to occur. Binding of 
the oligonucleotides to the nucleic acid polymer can be followed as a decrease in the 
fluorescence of the fluorophore. 

[0055] Alternatively, a set of oligonucleotides that anneal to each other such that an 
anthraquinone quencher and a fluorophore can be positioned on opposing oligonucleotides so 
that they are within the Forster distance. Incubation of such an oligonucleotide duplex with a 
nucleic acid polymer that competes for binding of one or both of the oligonucleotides would 
cause a net separation of the oligonucleotide duplex leading to an increase in the fluorescent 
signal of the reporter dye. To favor binding to the polymer strands one of the oligonucleotides 
could be longer or mismatched could be incorporated within the oligonucleotide duplex. 
[0056] These assay formats can easily be extended to multi-reporter systems where mixtures 
of distinct oligonucleotides having fluorophores with distinct spectrally resolvable emissions. 
The binding of individual oligonucleotides can then be detected by determining the fluorescent 
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wavelengths that are emitted from a sample. Such multi-reporter systems are advantageous in 
applications requiring the analysis of multiple hybridization events in a single reaction volume. 
[0057] Oligonucleotides can also be configured with the disclosed anthraquinone quenchers 
such that they can be used to monitor the progress of PCR reactions without manipulating the 
PCR reaction mixture (i.e., in a closed tube format). The assay utilizes an oligonucleotide that is 
labeled with a fluorophore and an anthraquinone quencher in a configuration such that 
fluorescence is substantially quenched. The oligonucleotide is designed to have sufficient 
complementarity to a region of the amplified nucleic acid so that it will specifically hybridize to 
the amplified product. The hybridized oligonucleotide is degraded by the exonuclease activity of 
Taq™ polymerase in the subsequent round of DNA synthesis. The oligonucleotide is designed 
such that as the oligomer is degraded one of the members of the dye-pair is released and 
fluorescence from the fluorophore can be observed. An increase in fluorescence intensity of the 
sample indicates the accumulation of amplified product. 

[0058] Ribonucleic acid polymers can also be configured with fluorophores and 
anthraquinone quenchers and used to detect RNase. For example, a dye-pair can be disposed on 
opposite sides of an RNase cleavage site in an RNase substrate such that the fluorescence of the 
fluorophore is quenched. Suitable substrates include nucleic acid molecules that have a single- 
stranded region that can be cleaved and that have at least one internucleotide linkage 
immediately 3' to an adenosine residue, at least one internucleotide linkage immediately 3' to a 
cytosine residue, at least one internucleotide linkage immediately 3' to a guanosine residue and 
at least one internucleotide linkage next to a uridine residue and optionally can lack a 
deoxyribonuclease-cleavable internucleotide linkage. To conduct the assay the substrate can be 
incubated with a test sample for a time sufficient for cleavage of the substrate by a ribonuclease 
enzyme, if present in the sample. The substrate can be a single-stranded nucleic acid molecule 
containing at least one ribonucleotide residue at an internal position. Upon cleavage of the 
internal ribonucleotide residue, the fluorescence of the reporter dye, whose emission was 
quenched by the anthraquinone quencher, becomes detectable. The appearance of fluorescence 
indicates that a ribonuclease cleavage event has occurred, and, therefore, the sample contains 
ribonuclease activity. This test can be adapted to quantitate the level of ribonuclease activity by 
incubating the substrate with control samples containing known amounts of ribonuclease, 
measuring the signal that is obtained after a suitable length of time, and comparing the signals 
with the signal obtained in the test sample. 

[0059] Generally, any of the described assays could be conducted with positive controls that 
can be used to indicate whether the assay was functioning properly. 

[0060] The invention also provides kits containing in one or more containers, at least one of 
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the disclosed anthraquinone quenching dye compositions and instructions for its use. Such kits 
can be useful for practicing the described methods or to provide materials for synthesis of the 
compositions as described. Additional components can be included in the kit depending on the 
particular application that utilizes the compounds of the invention. For example, where the kit is 
directed to measuring the progress of PCR reactions, it may include a DNA polymerase. Where 
a kit is intended for the practice of the RNase detection assays, RNase-free water could be 
included. Kits can also contain negative and/or positive controls and buffers. 
[0061] The following examples further illustrate the invention but, of course, should not be 
construed as in any way limiting its scope. In particular the following examples demonstrate 
synthetic methods for obtaining the compounds of the invention. Starting materials useful for 
preparing the compounds of the invention and intermediates thereof, are commercially available 
or can be prepared from commercially available materials using known synthetic methods and 
reagents. 
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EXAMPLE 1 

[0062] This example demonstrates the conversion of 1 ,4-hydroxyl groups of an 
anthraquinone compound 1 to leaving groups as shown in Scheme 1 . "E" in compound 2 can be 
any suitable leaving group. Many suitable leaving groups are known in the art and can be used, 
for example, halides, aryl alkylsulfonyloxy, substituted arylsulfonyloxy {e.g., tosyloxy or 
mesyloxy), substituted alkylsulfonyloxy {e.g., haloalkylsulfonyloxy), phenoxy or substituted 
phenoxy, and acyloxy groups. Compounds of type 1 are available commercially (e.g., Aldrich 
Chemical Co., Milwaukee, Wisconsin). The reaction requires a suitable base which includes 
bases having a pKa of about 10 or more. Suitable bases include alkylamine bases like 
triethylamine, dipropylamine; metal amide bases, including lithium amide, sodium amide, 
potassium amide, lithium tetramethylpiperidide, lithium diisopropylamide, lithium diethylamide, 
lithium dicyclohexylamide, sodium hexamethyldisilazide, and lithium hexamethyldisilazide; 
hydride bases including sodium hydride and potassium hydride. Alkylamine bases, like 
triethylamine are preferred. 




Scheme 1 

[0063] To convert compound 1 to compound 2, a solution of about 1 to about 1.2 equivalents 
of a suitable base is added to a stirred solution of compound 1 in a suitable organic solvent under 
an inert atmosphere, such as argon. Suitable organics solvents include moderately polar aprotic 
solvents. The solution is maintained at a constant temperature between about -100° C or higher 
to about room temperature, and more preferably between about -80° C to about 20° C. The base 
is diluted in a suitable organic solvent before the addition and is added slowly enough to avoid 
over heating the reaction. Organic solvents suitable for the conversion of compound 1 to 
compound 2 include those solvents in which the reactants and products are soluble and include 
dichloromethane, diethyl ether, tetrahydrofuran, benzene, toluene, xylene, hydrocarbon solvents 
(e.g., pentane, hexane, and heptane), and mixtures thereof. After addition of the base, the 
reaction mixture is stirred for about 1 to 4 h such that the reaction-mixture temperature remains 



20 



within several degrees of the starting temperature. The temperature can then be adjusted to 
between about -20° C to about room temperature, preferably to about room temperature, and the 
reaction stirred until it is substantially complete as determined analytically, as by thin-layer 
chromatography or high-performance liquid chromatography. Then the reaction mixture can be 
quenched and compound 2 isolated by standard methods. 

EXAMPLE 2 

[0064] This example demonstrates the conversion of the 1,4-leaving groups of compound 2 
to 1 -substituted amino-4-p-hydroethylaminoanthraquinones 4 according to Scheme 2. 
[0065] A solution of about 1 equivalent of compound 2 is dissolved in a suitable organic 
solvent under an inert atmosphere. Suitable solvents include polar aprotic solvents such as, 
dimethylformamide, acetonitrile, and dimethylsulfoxide in which compound 2 is soluble. The 
solution is maintained at room temperature during the addition of about 10 equivalents of the 
substituted amine and stirred for about lh to 4h at a temperature of about 150 °C until the 
reaction is substantially complete as determined analytically by thin-layer chromatography or 
high-performance liquid chromatography. The reaction mixture is then cooled to room 
temperature and quenched to give compounds 3 and 3\ Compounds 3 and 3' can be separated 
by flash chromatography or HPLC to obtain compound 3. Alternatively, compounds 3 and 3' 
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Scheme 2 
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can be treated with ethanolamine to prepare compound 4 prior to separation. 
[0066] To obtain compound 4 a solution of about 1 equivalent of compound 3 is dissolved in 
a suitable organic solvent, as defined previously in this example, under an inert atmosphere. 
About 250 equivalents of ethanolamine is added in a single addition and the reaction mixture is 
stirred for about 1 to about 3 h, preferably 2 h at about 100 °C until the reaction is substantially 
complete as determined analytically by thin-layer chromatography or high-performance liquid 
chromatography. The reaction mixture is then cooled to room temperature and quenched to give 
compound 4 which can be purified further by a variety of well known techniques, including 
preparatory high-performance chromatography or flash chromatography. 



[0067] This example demonstrates synthesis of 1 -substituted amino-4-(2-cyanoethyl- 
phosporamidite-ethylamino)-anthraquinone as shown in Scheme 3. A 2 M solution of 
anthraquinone 4 in triethylamine is prepared. The solution is cooled to about 0 °C and about 1-2 
equivalents of a phosphonic chloride compound is added. The reaction mixture is warmed to 
room temperature and allowed to stir for about 4 h until the reaction is substantially complete as 



determined analytically. The reaction mixture is quenched and compound 5 is isolated by 
standard procedures. 

[0068] The method can be used to synthesize anthraquinone phosphoramidite compounds 
wherein each occurrence of Ri 6 , Rn, and R7-10 is independently hydrogen, alkyl, alkynyl, 
alkenyl, aryl, heteroaryl, cycloalkyl, heteroalkyl, alkoxy, alkoxycarbonyl, carbonyl, carbamoyl, 
alkylaryl, heteroalkyl group, or the like. R2-5 are independently an electron pair, oxygen, 
hydrogen, alkyl, alkenyl, alkynyl, aryl, heteroaryl, cycloalkyl, heteroalkyl, alkoxy, 
alkoxycarbonyl, carbamoyl, or similar substituent, or a mono- or di-substituted amine as defined 
previously; and HAL represents a halogen atom, typically chlorine. 



EXAMPLE 3 




(4) 



Scheme 3 



EXAMPLE 4 

[0069] This example demonstrates synthesis of an anthraquinone quencher covalently linked 
to a linker (L) as shown in Scheme 4. Anthraquinone compound 5 is mixed for about 0.5 h 
under an inert atmosphere with a hydroxy-containing linker compound (HO-L) and 
ethylthiotetrazole in a suitable organic solvent as in Example 2. L could be a nucleotide or 
nucleic acid polymer. A second solution of compound 5 in acetonitrile and ethylthiotetrazole is 
then added and the reaction mixture stirred for an additional 0.5 h. The reaction mixture is 
washed with acetonitrile and treated with 10% (v/v) methylimidazole in THF/pyridine (8:1) 
under an inert atmosphere for about 0.5 h. The reaction product is separated and washed with 
acetonitrile and treated with 0.02 M iodine in THF/pyridine/H 2 0 (78:20:2), which is added 
slowly over 5 min. The reaction mixture is isolated and dried overnight in a vacuum to provide 
compound 6. L could be a nucleotide or oligonucleotide with a free hydroxyl group. 




Scheme 4 



EXAMPLE 5 

[0070] This example demonstrates the conversion of a single hydroxyl group of an 
anthraquinone to a leaving group as shown in Scheme 6. Suitable leaving groups are as defined 
above in Example 1 . 

[0071] To convert a compound 8 to compound 9, a solution of about 1 to about 1.2 
equivalents of a suitable base is added to a stirred solution of a monohydroxy-anthraquinone 8 in 
an organic solvent under an inert atmosphere. The solution is maintained at a constant 
temperature between about -100° C to about room temperature, and more preferably between at 
about -80° C to about 20° C. The base is diluted in a suitable organic solvent, as described in 
Example 2, before the addition and is added to avoid over heating of the reaction mixture. After 
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addition of the base, the reaction mixture is allowed to stir for about 1 to 4 h such that the 
temperature remains within several degrees of the starting temperature. The temperature can 
then be adjusted to between about -20° C to about room temperature, preferably to about room 
temperature, and the reaction stirred until it is substantially complete as determined analytically, 
such as by thin-layer chromatography or high-performance liquid chromatography. The reaction 
mixture is quenched and compound 9 is isolated by standard methods. 




Scheme 6 



EXAMPLE 6 

[0072] This example demonstrates a method useful for converting the leaving group of 
anthraquinone compound 9 to the corresponding amino-4-p-hydroxyethylaminoanthraquinone 
10 as shown in scheme 7. 

[0073] A solution of about 1 equivalent of compound 9 is dissolved in a suitable organic 




solvent, as described above, under an inert atmosphere. About 250 equivalents of ethanolamine 
is added to this solution in a single aliquot. The reaction mixture is allowed to stir for about 1 to 
about 3 h, depending on the rate of stirring, preferably 2 hours at about 100 °C with stirring at a 
rate that maintains the temperature at about 100 °C. Stirring is continued until the reaction is 
substantially complete as determined analytically, such as by thin-layer chromatography or high- 
performance liquid chromatography. The reaction mixture is then cooled to room temperature 
and quenched to provide compound 10 which can be purified by known techniques such as, 
preparative HPLC or flash chromatography. 
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EXAMPLE 7 

[0074] This example demonstrates the synthesis of 1 -substituted amino-4(2-cyanoethyl 
phosphoramidite-ethylamino)-anthraquinone as shown in scheme 8. A 2 M solution of 
anthraquinone compound 10 is prepared in triethylamine. The solution is cooled to 0° C and 




Scheme 8 

about 1-2 equivalents of a phosphonic chloride compound is added. The reaction mixture is 
warmed to room temperature and stirred for about 4 h until substantially complete as determined 
analytically. The reaction mixture is quenched and compound 11 is isolated by standard 
methods. 



EXAMPLE 8 

[0075] This example demonstrates the synthesis of an anthraquinone quencher that is 
covalently bonded to a linker (L) as shown in Scheme 9. Anthraquinone compound 11 is 
dissolved in an organic solvent, such as acetonitrile, with ethylthiotetrazole and HO-L under an 
inert atmosphere. L could be a nucleotide or nucleic acid polymer. The solution is maintained at 
room temperature and stirred for about 0.5 h. A second solution of 11 in acetonitrile and 
ethylthiotetrazole is added to the reaction mixture with stirring for an additional 0.5 h. The 
reaction mixture is washed with acetonitrile and treated with 10% (v/v) acetic anhydride solution 
in THF and mixed with an equal volume of 10% (v/v) methylimidazole in an 8:1 mixture of 
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THF/pyridine, all under an inert atmosphere. After about 30 min the reaction mixture is washed 
with acetonitrile and treated with 0.02 M iodine in THF/pyridine/H20 solution (78:20:2), which 
is added over 5 min. The reaction mixture is isolated and dried overnight under vacuum to 
obtain compound 12. 



EXAMPLE 9 

[0076] This example demonstrates the synthesis of l-(methylamino)-4-(2- 
cyanoethylphosphoramidite-ethylamino)-anthraquinone 14 as shown below. N,N- 

O HN^ 




diisopropylaminocyanoethyl-phosphonamidic chloride (0.10 mL, 0.51 mmol) was added 
drop wise at 0° C to a solution of l-(methylamino)-4-(2-hydroxy-ethylamino)-anthraquinone (100 
mg, 0.34 mmol) and triethylamine (TEA) (0.12 mL, 0.68 mmol). The mixture was stirred at 
room temperature for 4 h. The solvent was removed and the residue was dissolved in 
ethylacetate (EtOAc) (2 mL). The product was isolated by flash chromatography on silica with 
EtOAc/petroleum ether (PE)/TEA: 40/50/10). *H NMR (CDC1 3 ) 510.83 (t, J = 5 Hz, 1H), 10.57 
(d, J = 5 Hz, 1H), 8.29-8.34 (m, 2H), 7.65-7.70 (m, 2H), 7.28 (d, J = 10, 1H), 7.20 (d, J=10, 1H), 
3.90-4.00 (m, 2H), 3.80-3.90 (m, 2H), 3.58-3.67 (m, 4H), 3.08 (d, J - 5, 3H), 2.65 (t, J = 6, 2H), 
1.18 Ct J=6, 12H). MS (FAB') [M+]: calculated for C26H33N4O4P, m/z 496.54; found, m/z 512. 



EXAMPLE 10 

[0077] This example demonstrates the synthesis of l-(phenylamino)-4-(2-hydroxy- 
ethylamino)-anthraquinone 15 as shown below. Aniline (49.8 mL, 547 mmol) was added to 
l,4-bis(tosyloxy)anthraquinone (See Zielake, J. Org. Chem. 52: 1305-1309 (1987) (3 g, 5.47 
mmol) in DMSO (120 mL) and heated at 1 50° C for 2 h. The reaction was allowed to cool to 




room temperature and poured into 15% HC1 solution (1.5 L), filtered and rinsed with water to 
give a reddish solid. The solid consisted of l-(phenylamino)-4-(tosyloxy)anthraquinone (red 
color on TLC, Rf 0.65, 20% EtOAc/PE) and 1 ,4-bis-(phenylamino)anthraquinone (blue color on 
TLC, R r 0.75, 20% EtOAc/PE). The solid was dried overnight under vacuum to give 2.2 g of a 
reddish solid. Ethanolamine (72 mL, 1 1 73 mmol) was added to the reddish solid (2.2 g, 4.69 
mmol) in DMSO (30 mL). The mixture was heated at 100° C for 2 h. The reaction was brought 
to room temperature, poured into 10% HC1 (1.5 L) and extracted with CH2CI2 (3X). The 
organic layer was washed with water (IX), dried over sodium sulfate and evaporated. Flash 
chromatography on silica with 50-100% EtOAc/PE gave a blue solid (0.6 g, 42% yield). TLC: 
Rf 0.45, 30% EtOAc/PE. ! H NMR (CDC1 3 ) 512.09 (s, 1H), 10.81 (s, 1H), 8.26-8.32 (m, 2H), 
7.74-7.76 (m, 1H), 7.67-7.71 (m, 2H), 7.52(d, J = 10 Hz, 1H), 7.37-7.42 (m, 2H), 7.3 l(d, J = 8 
Hz, 1H), 7.24-7.26 (m, 1H), 7.13-7.19 (m, 2H), 3.96 (t, J = 5 Hz, 2H), 3.59 (q, J = 5 Hz, 2H). MS 
(FAB f ) [M+]: calculated for C 2 2Hi 8 N 2 03, m/z 358.39; found, m/z 358. 



EXAMPLE 11 

[0078] This example demonstrates the synthesis of 1 -(phenylamino)-4-(2- 
cyanoethylphosphoramidite-ethylamino)-anthraquinone 16 as shown below. 




[0079] N,N-diisopropylamino-cyanoethylphosphonamidic chloride (0.93 mL, 4. 1 9 mmol) 
was added dropwise to a solution of l-(phenylamino)-4-(2-hydroxy-ethylamino)-anthraquinone 
(1 g, 2.79 mmol) and TEA (0.8 mL, 5.58 mmol) at 0° C. The mixture was stirred at room 
temperature for 3 h. The solvent was removed and the residue was dissolved into EtOAc (3 mL). 
Flash chromatography on silica with EtOAc/PE/TEA: 5/85/10 - 50/40/10 gave a blue solid (1 .28 
g, 82% yield). TLC: R f 0.70, EtOAc/PE/TEA: 40/50/10). { H 30 NMR (CDC1 3 ) 512.16 (s, 1H), 
10.88 (t, J = 5 Hz, 1H), 8.34 (dt, J = 7,2,2 Hz, 2H), 7.69-7.75 (m, 2H), 7.60 (d, J = 10 Hz, 1H), 
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7.39 (t, J = 7 Hz, 2H), 7.26 (t, J = 4 Hz, 2H), 7.15-7.20 (m, 2H), 3.92 - 4.00 (m, 2H), 3.82-3.90 
(m, 2H), 3.60 - 3.69 (m, 4H), 2.67 (t, J = 6 Hz, 2H), 1.19 (t, J = 7 Hz, 12H). MS (FAB') [M+]: 
calculated for C31H35N4O4P. m/z 558.61; found, m/z 558. 



EXAMPLE 12 

[0080] This example demonstrates the synthesis of 1 -(phenylamino)-4-(2-hydroxy- 
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(17) 

ethylamino)-anthraquinone-DMT-CPG 17, also known as UQ2, as shown. 
[0081] Two grams of derivatized controlled porous glass (CPG) support 18 were treated with 
10 mL of 3% (v/v) dichloroacetic acid in dichloromethane three separate times and washed with 
5 x 10 ml of acetonitrile to provide compound 18. 

[0082] A solution of 0.5 g of mono DMT-glycerol phosphoramidite (17a) in 5 mL of 
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(17a) 

dry acetonitrile and 5 mL of 0.45 M ethylthiotetrazole was added to 18 under an argon 
atmosphere. After 20 min the reaction mixture was isolated, and the CPG washed with 5x10 
CPG— linker-( 




mL of acetonitrile, followed by 10 mL of 10% (v/v) acetic anhydride solution in THF with 10 
mL of a solution containing 10% (v/v) methylimidazole in 8:1 THF/pyridine, all under argon. 
After 30 min the reaction mixture was removed and the derivatized CPG was washed with 5x10 
mL of acetonitrile, followed by 10 mL of 0.02 M iodine in THF/pyridine/H 2 0 (78:20:2) solution, 
which was allowed to react with the CPG for 5 min. The treated CPG was isolated and washed 
with 5 x 10 mL of acetonitrile. A solution of 0.5 M hydrazine hydrate in 1 :8 acetic acid/pyridine 
was mixed with the CPG under an argon atmosphere and the mixture allowed to react for 30 min. 
The CPG material was then isolated and washed with 5x10 mL of acetonitrile. A solution of 
0.3 g of phosphoramidite 16 in 5 mL of dry acetonitrile and 5 mL of 0.45 M ethylthiotetrazole 
was added to the resulting CPG under an argon atmosphere. After 20 min the reaction mixture 
was removed and a fresh solution of 0.3 g of phosphoramidite 16 in 5 mL of dry acetonitrile and 
5 mL of 0.45 M ethylthiotetrazole was added to resulting CPG under argon and allowed to react 
for an additional 20 min. (72 mL, 1 173 mmol) The reaction mixture was removed, and CPG was 
washed with 5 x 10 mL of acetonitrile. A 10 mL solution of of 10% (v/v) acetic anhydride 
solution in THF and 10 mL of 10% (v/v) methylimidazole in 8:1 mixture of THF/pyridine were 
added to resulting CPG under argon. After 30 min the reaction mixture was removed and CPG 
was washed with 5 x 10 mL of acetonitrile. The phosphite was oxidized to the phosphate by 
treatment with 10 mL of 0.02 M iodine in THF/pyridine/H 2 0 (78:20:2) for 5 min. The reaction 
mixture was removed and the derivatized CPG washed with 5x10 mL of acetonitrile, followed 
by 2 x 10 mL of dichloromethane and dried overnight under vacuum to provide 2.2 g of 
derivatized CPG product. 

EXAMPLE 13 

[0083] This example demonstrates a method for the synthesis of bis- 1, 4-(4-hydroxyethyl- 
phenylamino)-anthraquinone (19) according to the invention. 

[0084] The starting material 4-phenethylamino alcohol (1 .25 g, 9. 1 mmol) was mixed with 
l,4-Bis(tosyloxy)anthraquinone (0.5 g, 0.91 mmol) in DMSO (2 mL) and the mixture was heated 
at 180° C for 16 h. Then 1M HC1 solution was mixed in and the reaction was filtered and rinsed 
with water to give a blue solid. The solid was dried under vacuum and redissolved in 
ethylacetate (3 mL) with heat to facilitate dissolution. Purification of the product by flash 
chromatography in ethylacetate gave two solid compounds, one of which was blue the other of 
which was green. NMR analysis was used to confirm that the green compound was the desired 
product (0.19 g). ! H NMR (CDC1 3 ) 5 12.23 (s, 1H), 8.36-8.40 (m, 2H), 7.73-7.77 (m, 2H), 7.48 
(s, 2H), 7.21-7.27 (m. 9H), 3.89 (t, J = 7 Hz, 4H), 2.89 (t, J = 7 Hz, 4H), 1.48 (bs, 3H). 
[0085] The above reaction was repeated in a larger scale using identical but scaled up 
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conditions (ie. 15 g of 1 ,4-Bis(tosyloxy)-anthraquinone, 18.75 g (5 eq) of 4-phenethylamino 
alcohol in 30 mL DMSO). Half of the crude solid was purified using flash chromatography to 
provide lg of bis-1, 4-(4-hydroxyethyl-phenylamino)-anthraquinone. 



(19) 

[0086] These results demonstrate a method for preparing bis-1 , 4-(4-hydroxyethyl- 
phenylamino)-anthraquinone that is scalable. 



[0087] This example demonstrates a method for the synthesis of l-(4-hydroxyethyl- 
phenylamino)-4-(DMT-4-hydroxyethyl-phenylamino)-anthraquinone (20) according to the 
invention. 

[0088] Dissolved dimethoxytrityl chloride (DMTC1) (0.3 g, 0.89 mmol) in anhydrous 
pyridine (15 mL) was added drop wise into a solution of bis-1, 4-(4-hydroxyethyl-phenylamino)- 
anthraquinone in pyridine (15 mL) and allowed to react overnight. Analysis of the reaction 
products by thin layer chromatography showed two new products. 

[0089] Pyridine was removed from the reaction mixture under a vacuum and the product was 
purified by flash chromatography with ethylacetate to provide two products having Rf values of 
0.5 and 0.8 along with starting material. l H NMR was used to confirm that the compound 
having an Rf of 0.5 in ethylacetate was the desired product. ! H NMR (CDCL3) 



8 12.28 (s, 1H), 8.40 -8.44 (m, 2H), 7.77-7.81 (m, 2H), 7.50 (s, 2H), 7.40-7.42 (m, 2H), 7,20- 
7.33 (m, 18H), 6.81-6.88 (m, 4H), 3.92 (t, J = 6 Hz, 2H), 3.81 (s, 6H), 3.33 (t, J = 7 Hz, 2H), 
2.92 (t, J = 7 Hz, 4H). 
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EXAMPLE 15 

[0090] This example demonstrates the synthesis of l-(P-cyanoethylphosphoramidite-4- 
hydroxyethyl-phenylamino)-4-(DMT-4-hydroxyethyl-phenylamino)-anthraquinone (21) 




OCEP 



ODMT 



(21) 



according to the invention. 

[0091] P-cyanoethyl N 5 N,N' ? N'-tetraisopropylphosphorodiamidite (0.81 mL, 1.79 mmol) 
and 0.5 eq diisopropylamine lH-tetrazole (60 mg, 0.64 mmol) were mixed into a solution of 1- 
(4-hydroxyethyl-phenylamino)-4-(DMT-4-hydro^ (0.53 g, 

1 .28 mmol) in THF (10 ml). After 12 h the solid material was removed by filtration and the 
solvent was removed under a vacuum. The remaining oil residue was dissolved in a solvent that 
contained ethylacetate/petroleum ether/triethylamine (40/45/5) and loaded onto a silica column 
for flash chromatography in ethylacetate/petroleum ether/triethylamine: 20/75/5 - 40/45/5) to 
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provide a blue oil (0.32 g, 26% yield) which has an Rf of 0.75 in a silica thin layer 
chromatography plate developed with ethylacetate/petroleum ether/triethylamine 40/45/5). 

EXAMPLE 16 

[0092] This example demonstrates the synthesis of oligonucleotides comprising an 
anthraquinone quencher dye and the measurement of the absorbance spectra of several 
anthraquinone quenchers. 

[0093] An oligonucleotide bearing the anthraquinone quencher (UQ2) of the class of the 
invention was synthesized; its absorbance spectra was characterized and compared to the 
absorbance spectra of other representative dark quenchers, dabcyl, and QSY7. 
[0094] The following oligonucleotides were synthesized: 

SEQ ID No 1 : CAGAGTACCTGA-UQ2 
SEQ ID No 2: CAGAGTACCTGA-QSY7 
SEQ ID No 3: CAGAGTACCTGA-Dabcyl 



[0095] For all sequences A, C, G, T represent deoxynucleotides (DNA) and the 
oligonucleotide sequences are written with the 5' end to the left and the 3' end to the right unless 
otherwise noted. Oligonucleotide substrates were synthesized with the anthraquinone quencher 
UQ2, QSY7, and Dabcyl using standard phosphoramidite chemistry on an Applied Biosystems 
Model 394 DNA/RNA synthesizer. For the synthesis of SEQ ID NO 1 and all oligonucleotides 
containing UQ2, the CPG bound anthraquinone precursor prepared in Example 12 was used 
unless otherwise noted. The synthesis were carried out on a 1 ^imole scale. Thus, UQ2 
derivatized solid support starting material contained 1 (amole of reactive sites on the support 
were placed into a synthesis chamber and phosphoramidite nucleotides were added by standard 
chemical methods. 

[0096] Following synthesis, the solid support was transferred to a 2 ml microcentrifuge tube 
where oligonucleotides were cleaved from the solid support by standard methods. 
[0097] Oligonucleotides were purified by reverse-phase HPLC with a Hamilton PRP-1 
column (1 .0 cm x 25 cm) using a linear gradient of from 5 to 50% acetonitrile over 40 min in 0. 1 
M triethyl-ammonium acetate (TEAAc) at pH 7.2. Samples were monitored at 260 nm and 494 
nm and peaks corresponding to the fluorescent-labeled oligonucleotide species were collected, 
pooled, and lyophilized. 

[0098] Oligonucleotide samples were dissolved in 200 |il of sterile water and precipitated by 
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adding 1 ml of 2% LiClC>4, followed by centrifugation at 10,000g for 10 min. The supernatant 
was decanted and the pellet washed with 10% aqueous acetone. 

[0099] Oligonucleotides were repurified by ion exchange HPLC using a 40 min linear 
gradient of 0% to 50% 1 M LiCl in 0. 1 M TRIS buffer. Samples were monitored at 260 nm and 
494 nm and peaks corresponding to the dual-labeled oligonucleotide species were collected, 
pooled, precipitated with 2% UCIO4, and lyophilized. 

[00100] Compound identities were verified by mass spectroscopy using a Voyager-DE 
BioSpectrometry workstation by known methods. 

[00101] The oligonucleotides were suspended in HPLC grade water at 400 nM concentration. 
The absorbance spectra were measured in 10 mM Tris pH 8.0, 1 mM EDTA (TE buffer) with a 
sub-micro quartz cuvette having a 1-cm path length in a Hewlett Packard Model 8453 
spectrophotometer (Hewlett Packard, Palo Alto, CA). Optical absorbance density was recorded 
from 200 to 750 nm for each oligonucleotide. Individual absorbance spectra are shown in FIG. 
1. 

[00102] The data in this example shows that the anthraquinone (UQ2) absorption spectrum is 
broad, ranging from about 500 to about 700 nm. This absorbance range overlaps the 
fluorescence emission range of many fluorophores commonly used in molecular biology 
applications. UQ2 can be used to quench the fluorescence of at least the following dyes: 
fluorescein, tetrachlorofluoroscein, hexachlorofluoroscein, Cy3, tetramethylrhodamine, Cy3.5, 
carboxy-x-rhodamine, Texas Red, Cy5, Cy5.5. 

EXAMPLE 17 

[00103] This example demonstrates the use of anthraquinone-quenched fluorescent probes to 
detect PCR amplified DNA. 

[00104] Fluorescence-quenched probes can be employed to detect amplified target nucleic 
acid sequence during a PCR reaction. In this assay, a fluorescence-quenched probe that anneals 
to the 3' side of an amplification primer is degraded by the nuclease activity of Taq DNA 
polymerase during a round of polymerization. Fluorescence can then be detected during the 
PCR reaction as the probe is degraded and the quencher and fluorophore are separated. 
[00105] Oligonucleotide primers and probes were synthesized as in Example 16 with the 
exception that with Cy5 containing probes, deprotection was with 1:1:2 t-BuNH 2 :MeOH:H20 
and samples were incubated for 4 h at 65 °C. The supernatant was removed and the CPG was 
washed with 1 ml of H2O and supernatants were pooled and dried. Flourophores were added to 
the 5' nucleotide by standard methods. Primers, probes, and target nucleic acids are shown in 
Table 1 below. Probes used are SEQ ID No. 4, 5, 6, 7, and 8. Primers used are SEQ ID No. 9 
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and 10. The target nucleic acid is SEQ ID No. 1 1, a 220 basepair (bp) amplicon derived from the 
murine bHLH protein Ptfl-p48 gene (Genbank #AF2981 16), cloned into the pCRII-TOPO vector 
(Invitrogen, Carlsbad, CA), and is hereafter referred to as the fl p48-gene target". 



Table 1 



Probes: 



6FAM-ACCCGTTCACCCTCCCCCAG-UQ2 


SEQ 


ID 


No. 4 


6FAM-ACCCGTTCACCCTCCCCCAG-6Tamra 


SEQ 


ID 


No. 5 


6FAM-ACCCGTTCACCCTCCCCCAG-QSY7 


SEQ 


ID 


No. 6 


TR-ACCCGTTCACCCTCCCCCAG-UQ2 


SEQ 


ID 


No. 7 


Cy5-ACCCGTTCACCCTCCCCCAG-UQ2 


SEQ 


ID 


No. 8 


Forward Primer: MP48 F968 








CAGAAGGTTATATCTGCCATCG 


SEQ 


ID 


No. 9 



Reverse Primer: MP48 R1187 

CTCAAAGGGTGGTTCGTTCTCT SEQ ID No. 1 0 



Target Amplicon 



Forward Primer F968 Probe 

CAGAAGGTTATCATCTGCCATCGAGGCACCCGTTCACCCTCCCCCAGTGACCCGGATT 



ATGGTCTCCCTCCTCTTGCAGGGCACTCTCTTTCCTGGACTGATGAAAAACAGCTCAAA 

GAACAAAATATCATCCGTACAGCTAAAGTGTGGACCCCAGAGGACCCCAGAAAACTC 

AACAGTCAAATCTTTCGACAACAT AGAGAACGAACCACCCTTTGAG 

Reverse Primer Rl 187 

(SEQ ED No. 11) 
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[00106] PCR amplification was done using the Stratagene (La Jolla, CA) Brilliant Plus 
Quantitative PCR core Reagent Kit according to the manufacturer's directions. Reactions were 
carried out in a 25 jiL volume and comprised 200 nM each of the amplification primers and 
fluorescent quenched probe and about 1000 copies of the target DNA. Cycling conditions were 
50 °C for 2 min, 95 °C for 10 min, then 40 cycles of 2-step PCR with 95 °C for 15 sec and 60 °C 
for 1 min. PCR and fluorescence measurements were done using an ABI Prism™ 7700 
Sequence Detector (Applied Biosystems Inc., Foster City, CA). All data points were performed 
in triplicate. Results for different probes are presented in Table 2 below. The cycle threshold 
(Ct) value is defined as the cycle at which a statistically significant increase in fluorescence is 
detected above background. Typically, a lower Ct value is indicative of a higher concentration 
of target DNA. However, in this example, where the amount of target DNA is held constant the 
Ct value of a given oligonucleotide is indicative of probe sensitivity. The assays were performed 
using an identical amount of input target DNA (1 x 10 3 copies of the p48-gene target plasmid). 
Table 2 shows that all oligonucleotides provided similar Ct values and therefore function 
similarly. 



Table 2: Ct values for PCR Assays 



Probe Reporter - Quencher Avg. Ct Value 

SEQ ID No. 4 6FAM-ACCCGTTCACCCTCCCCCAG-UQ2 27.64 

SEQ ID No. 5 6FAM-ACCCGTTCACCCTCCCCCAG-6Tamra 27.67 

SEQ ID No. 6 6FAM-ACCCGTTCACCCTCCCCCAG-QSY7 28.01 



[00107] Relative fluorescence levels collected during PCR for each probe were graphically 
plotted against cycle number and are shown in FIG. 2. All curves superimposed and could not 
be distinguished, indicating that each of the 3 quenching groups tested were suitable quenchers 
for the fluorescein (6FAM) reporter dye. This example demonstrates that probe compositions 
comprising the new anthraquinone quenchers of the invention perform well in a quantitative real- 
time PCR assay and are functionally equivalent to probes that contain other quencher moieties. 
[00108] Additional fluorescence-quenched probes were synthesized having a Texas Red (TR) 
reporter dye (SEQ ID No. 7) and a Cy5 reporter dye (SEQ ID No. 8) and the anthraquinone 
quencher. Texas Red probes could not be made using 6Tamra quencher as was previously done 
for the 6Fam probe (SEQ ID NO 5) because 6Tamra does not quench the TR reporter dye. Cy5 
probes could not be made using either 6Tamra or QSY7 quencher as neither group will quench 
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the Cy5 reporter dye. 

[00109] PCR reactions were carried out as described above except that multiple 
concentrations of target (SEQ ID No. 11) were assayed and only a single probe was tested in a 
given experiment (SEQ ID Nos. 7 or 8). A dilution series of input target DNA was made to 
include 1 x 10 8 , 1 x 10 7 , 1 x 10 6 , 1 x 10 4 , and 1 x 10 2 copies of target. All data points were 
performed in triplicate. Cycling conditions employed were as follows: 50 °C for 2 min and 95 
°C for 10 min followed by 40 cycles of 2-step PCR with 95 °C for 15 sec and 60 °C for 1 min. 
PCR and fluorescence measurements were done using a BioRad iCycler IQ™ Real-time PCR 
Detection System (Bio-Rad Laboratories, Hercules, CA). For the Texas Red probe, a 575 nm 
(30 nm bandpass) excitation filter and a 625 nm (30 nm bandpass) detection filter were used. 
Results are shown in FIG. 3 for the Texas Red probe (SEQ ID No. 7). For the Cy5 probe, a 635 
nm (30 nm bandpass) excitation filter and a 680 nm (30 nm bandpass) detection filter were used. 
Results are shown in FIG. 4 for the Cy5 probe (SEQ ID No. 8). 

[00110] These results demonstrate that the new anthraquinone quencher is useful with red 
(Texas Red, emission 610 nm) and far-red dyes (Cy5, emission 667 nm). Further, use of the 
anthraquinone quencher enables use of far-red reporter dyes like Cy5 as fluorescent dyes in this 
range are not effectively quenched in linear probe configuration by other existing quencher 
groups. 

[00111] All references, including publications, patent applications, and patents, cited herein 
are hereby incorporated by reference to the same extent as if each reference were individually 
and specifically indicated to be incorporated by reference and were set forth in its entirety herein. 
[00112] The use of the terms "a" and "an" and "the" and similar referents in the context of 
describing the invention (especially in the context of the following claims) are to be construed to 
cover both the singular and the plural, unless otherwise indicated herein or clearly contradicted 
by context. The terms "comprising," "having," "including," and "containing" are to be 
construed as open-ended terms (i.e., meaning "including, but not limited to,") unless otherwise 
noted. Recitation of ranges of values herein are merely intended to serve as a shorthand method 
of referring individually to each separate value falling within the range, unless otherwise 
indicated herein, and each separate value is incorporated into the specification as if it were 
individually recited herein. All methods described herein can be performed in any suitable order 
unless otherwise indicated herein or otherwise clearly contradicted by context. The use of any 
and all examples, or exemplary language (e.g., "such as") provided herein, is intended merely to 
better describe the invention and does not pose a limitation on the scope of the invention unless 
otherwise claimed. No language in the specification should be construed as indicating any non- 
claimed element as essential to the practice of the invention. 
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[00113] Preferred embodiments of this invention are described herein, including the best 
mode known to the inventors for carrying out the invention. Variations of those preferred 
embodiments may become apparent to those of ordinary skill in the art upon reading the 
foregoing description. The inventors expect skilled artisans to employ such variations as 
appropriate, and the inventors intend for the invention to be practiced otherwise than as 
specifically described herein. Accordingly, this invention includes all modifications and 
equivalents of the subject matter recited in the claims appended hereto as permitted by applicable 
law. Moreover, any combination of the above-described elements in all possible variations 
thereof is encompassed by the invention unless otherwise indicated herein or otherwise clearly 
contradicted by context. 
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